s t r a i n r a t e , b u t independant on s t r a i n and s t r e s s .
Polycarbonate behaviour shows some a n a l o g i e s w i t h m e t a l s : t h e r e f o r e i n t e r p r e t a t i o n of t h e r e s u l t s i s based upon t h e a ssumption t h a t deformation i n due t o d e f e c t s motions. I n t h i s view, i n t e r n a l f r i c t i o n can p r o v i d e means f o r e s t i m a t i n g i n t e rn a l s t r e s s .
1. Experiment. -Measurements of i n t e r n a l f r i c t i o n were performed dur i n g t e n s i l e t e s t s , a t about 1 Hz, on a t o r s i o n a l pendulum s e t a l o n g t h e v e r t i c a l a x i s of a t e n s i l e machine.
The sample, t o o k from a "Makrolon" s h e e t , p r e s e n t s an i n i t i a l s e c t i o n of 3 X 4 mm2 and t h e i n i t i a l l e n g t h a c t u a l l y s t r a i n e d ( b e tween h e a d s ) i s L. -38 mm. I t i s f i x e d between t h e cross-head o f t h e t e n s i l e machine a t i t s lower p a r t , and t h e i n e r t i a b a r o f t h e pendulum a t i t s t o p . The i n e r t i a b a r i s hanged t o t h e l o a d -c e l l by a 2 s t r i p -i r o n , t h e s e c t i o n of which i s 30 x0.3 mm .
Torsion motion i s r e c o r d e d by an o p t i c a l d e v i c e and damping i s measured by a f r e e decay method : I n t e r n a l f r i c t i o n of t h e sample, A , i s deduced from A1 by t h e r e l a t i o n / l / :
where A~ i s t h e s t r i p -i r o n damping, measured by r e p l a c i n g t h e sample by a t h i n s t r i p -i r o n , t h e t o r q u e r i g i d i t y o f which is n e g l i g i b l e ; W and W1 a r e t o r s i o n a l e l a s t i c e n e r g i e s r e s p e c t i v e l y s t o r e d i n 2 t h e upper s t r i p -i r o n and i n t h e whole system d u r i n g an o s c i l l a t i o n ; i t can be s e e n t h a t W2/W1 = ( f / f 1 2 , f l b e i n g t h e measured frequen-2 1
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981587 cy of t h e whole s y s t e m , and f 2 t h e f r e q u e n c y measured i n t h e same c o n d i t i o n s a s b 2 ; f 2 and A 2 a r e load-dependent.
2. R e s u l t s .
2.1. -Constant s t r a i n -r a t e t e n s i l e t e s t . -F i g . 1 shows t h e s t r e s s c u r v e U = F/S v e r s u s t i m e , f o r an e l o n g a t i o n r a t e dL/dt = 0 . 5 mm/mn
There a r e t r e e p a r t s i n t h i s s t r e s s c u r v e . The f i r s t p a r t (OA) The second p a r t ( A B ) i s a Piobert-Luders p l a t e a u w i t h a L P 50 MPa. P l a s t i c s t r a i n i n g ( e = 55 %) i s l o c a l i z e d on one o r L two f r o n t s which move a l o n g t h e sample. T h i s h e t e r o g e n e i t y of t h e def o r m a t i o n makes d i f f i c u l t t h e a n a l y s i s o f i n t e r n a l f r i c t i o n measurements i n t h i s p a r t o f t h e t e n s i l e c u r v e . 
D i f f e r e n t i a l s t r a i n -r a t e t e n s i l e t e s t . -The c u r v e s t r e s s v s t i -
me of t h e f i g , 2 a h a s been o b t a i n e d by t a k i n g t u r n s w i t h two s t r a i n r a t e s : 0 . 5 and 0.05 mm/mn. The p a r t B C o f t h e c u r v e shows s t r e s s 
F i g . 2b shows t h e d r o p s of i n t e r n a l f r i c t i o n c o rresponding w i t h s t r a i n -r a t e d e c r e a s e s . Theses d r o p s a r e i m p o r t a n t i n
t h e B C p a r t of t h e s t r e s s c u r v e ( 6 8 = 1 0 0 . 1 0 -~ f o r t h e f i r s t of them) ; t h e y a l s o e x i s t i n t h e OA p a r t .
When t h e s t r a i n r a t e i s i n c r e a s e d a g a i n , t h e s t r e s s -c u r v e shows a t r a n s i e n t i n c r e a s e 6 5 a s i n m e t a l s s u b j e c t t o a g i n g e f f e c t s . Then i n -t e r n a l f r i c t i o n does n o t immediately r e a c h t h e s t e a d y -s t a t e v a l u e a s measured i n t h e i n i t i a l c o n s t a n t s t r a i n -r a t e c o n d i t i o n s .
2 . 3 . S t r e s s -R e l a x a t i o n t e s t s . -The t e n s i l e s t r a i n i n g t e s t i s suddenl y stopped a t t h e s t r e s s o o ( = 58 MPa), c o r r e s p o n d i n g t o a deformat i o n e o ( = 66 % ) . There a r e t h r e e p o s s i b i l i t i e s .
i ) The cross-head i s k e p t immobile. Under t h e a c t i o n o f t h e s t r e s s o o t h e specimen c o n t i n u e s t o e l o n g a t e v e r y s l o w l y , and t h e s t r e s s d e c r e a s e s f o l l o w i n g a l o g a r i t h m i c f u n c t i o n of time : t h a t i s t h e r e l a x a t i o n ( F i g . 3 a ) . During t h e d e c r e a s e of o , t h e i n t e r n a l f r i c t i o n d e c r e a s e s a l s o and t e n d s towards a l i m i t c l o s e t o i t s i n it i a l v a l u e measured on t h e s t r a i n e d m a t e r i a l ( F i g . 3 b ) .
i i ) The cross-head i s r a p i d l y moved back and i s stopped as t h e s t r e s s i s z e r o . Then t h e specimen c o n t r a c t s w i t h a d e c r e a s i n g s t r a i n r a t e and t h e s t r e s s i n c r e a s e s , 6 > 0 : t h a t i s t h e a n t i -r e l a x a t i o n ( F i g . 4 a ) . The i n t e r n a l f r i c t i o n i s immediatly r e d u c e d , t h e n i t dec r e a s e s w i t h time a s ;r , t e n d i n g a g a i n towards i t s i n i t i a l v a l u e ( F i g . 4 b ) . J u s t a f t e r t h i s p a r t i a l u n l o a d i n g t h e v a l u e o f i n t e r n a l f r i c t i o n i s r e d u c e d ( F i g . 5 b ) . The i n s t a n t a n e o u s v a l u e s o f i n t e r n a l f r i c t i o n a r e p l o t t e d v e r s u s U ' i n f i g u r e 6 . From t h i s f i g u r e i t i s c l e a r t h a t 0 i ) t h e i n s t a n t a n e o u s v a l u e o f A i s a l w a y s h i g h e r t h a n i t s v a l u e bef o r e s t r a i n i n g , 30. I O -~ ; i i ) t h e c u r v e shows a minimum of A f o r t h e s t r e s s a ' = 20 MPa, t h i s s t r e s s i s s m a l l e r t h a n t h e s t r e s s f o r which 6 i s z e r o : 45 MPa. Internal Friction vs stress immediately a f t e r p a r t i a l unloa-
D i s c u s s i o n . -I n t e r n a l f r i c t i o n of t h e u n l o a d e d specimen, A = 30.103, c o r r e s p o n d s t o t h e background between t h e two t r a n s i t i o n s or and B o f t h e p o l y c a r b o n a t e which a r e r e s p e c t i v e l y a t 150

ding. d o e s n o t seem t o be r e l a t e d t o t h e s e t r a n s i t i o n s b u t more l i k e l y i t i s connected t o t h e s t r a i n r a t e i . T h i s i s c l e a r l y observed on t h e d i f f e r e n t i a l s t r a i n r a t e t e s t ( F i g . 2 )
and on t h e r e l a x a t i o n and ant i -r e l a x a t i o n t e s t s : each time A d e c r e a s e s w i t h t . I n t h e r e l a x at i o n and a n t i r e l a x a t i o n t e s t s , t h e same time i s n e c e s s a r y f o r b e i n g c l o s e t o z e r o and f o r A r e a c h i n g a g a i n i t s i n i t i a l v a l u e . The same r e s u l t h a s been o b t a i n e d on a specimen s t r a i n e d up t o r u p t u r e and k e p t a t room t e m p e r a t u r e f o r 48 H : i t shows t h e same damping spectrum a s undeformed m a t e r i a l from 77 t o 370 K .
I t can be s e e n from t h e p r e s e n t r e s u l t s t h a t t h e s t r a i n behav i o u r of p o l y c a r b o n a t e shows s e v e r a l a n a l o g i e s w i t h m e t a l s : s t r a i nr a t e s e n s i t i v i t y , e x i s t e n c e o f an i n t e r n a l s t r e s s and e x i s t e n c e of
an a c t i v a t i o n volume which h a s been c a l c u l a t e d ( P 1000 A ) b o t h from d i f f e r e n t i a l s t r a i n -r a t e t e s t s and from r e l a x a t i o n t e s t s .
Those a n a l o g i e s s u g g e s t two a s s u m p t i o n s . F i r s t l y , t h e p l a s t i c s t r a i n i n g of g l a s s y -s t a t e p o l y c a r b o n a t e i s made p o s s i b l e by c r e a t i o n and motion of d e f e c t s /3/.
Secondly, when t h o s e d e f e c t s a r e moving under t h e a c t i o n o f t h e t e n s i l e s t r e s s , t h e i r motion can be modified by a s m a l l t o r q u e : t h i s m o d i f i c a t i o n i s d i s s i p a t i n g e n e r g y , s o t h a t i t produces i n t e r n a l f r i c t i o n when t h e t o r q u e i s s i n u s o i d a l .
Using t h o s e two a s s u m p t i o n s , a c o h e r e n t i n t e r p r e t a t i o n of t h e r e s u l t s c a n be g i v e n . I n a l l t h e t e s t s , a s t r a i n -r a t e d e c r e a s e i s r el a t e d t o an i n t e r n a l f r i c t i o n d e c r e a s e ( F i g . 2 , 3 , 4 ) : s o t h e number of t h e mobile d e f e c t s a l s o d e c r e a s e s .
The motion of each d e f e c t i n t h e m a t e r i a l i s opposed by t h e i nt e r n a l s t r e s s e s . So, t h e e f f e c t i v e s t r e s s a c t i n g on a d e f e c t i s : U = a -oiwhere o i s t h e e x t e r n a l a p p l i e d s t r e s s , and 0. i s t h e i nt e r n a l s t r e s s . C o n s e q u e n t l y when a p p l y i n g an e x t e r n a l s t r e s s
t h e e f f e c t i v e s t r e s s oe becomes z e r o and t h e p l a s t i c s t r a i n -r a t e i s a l s o z e r o . I n t h e r e l a x a t i o n t e s t , d e f e c t s c o n t i n u e t o move a s l o n g a s a e > 0 , b u t because t h e sample l e n g t h i n c r e a s e s , t h e s t r e s s d e c r e a s e s a n d t h e p l a s t i c s t r a i n r a t e Z p a l s o ; a s t h e d e f e c t s a r e l e s s and l e s s m o b i l e , t h e i n t e r n a l f r i c t i o n a l s o d e c r e a s e s ( F i g . 3 ) . I n t h e a n t i r e l a x a t i o n t e s t , f o r G = 0 , t h e e f f e c t i v e s t r e s s i s o e = -a . -p l i e d a f t e r u n l o a d i n g . When a p p l y i n g a s t r e s s do = U . t h e p l a s t i c
1'
s t r a i n Qp becomes z e r o and t h e t o t a l s t r a i n r a t e ; i s i = k < 0 . But B t h e i n t e r n a l f r i c t i o n A v a r i e s a s 'cp + I C B I : c o n s e q u e n t l y , i t pass e s t h r o u g h a minimum when C p becomes z e r o ( F i g . 7 b ) and t h e c o r r e sponding v a l u e o f t h e a p p l i e d s t r e s s ( F i g . 6 ) i s t h e macroscopic val u e o f t h e i n t e r n a l s t r e s s o i . That v a l u e i s l e s s t h a n t h e s t r e s s f o r which Er = 0 , c o r r e s p o n d i n g t o a t r a n s i e n t e q u i l i b r i u m between t h e p l a s t i c s t r a i n -r a t e and t h e backward s t r a i n -r a t e : E d i t i o n s de P h y s i q u e -P a r i s .
